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LLNL is a multidisciplinary national security
laboratory

)

= Established in 1952
= Approximately 6,500 employees

= 7.1million gross square feet, 684 facilities
= Annual federal budget: ~ $1.5B
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International Space Station—Microbial
Observatory of Pathogenic Viruses,
Bacteria, and Fungi (ISS-MOP) project

= New Space Biology project

= Lawrence Livermore National Lab
= JPL (Venkat)

= NASA Ames (David J. Smith)

= JSC (Satish Mehta)
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’SS-Mmop database
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Lawrence Livermore Microbial Detection
Array (LLMDA), “the everything test”, detects
>10,000 microbes

m famllles # sequences*

Archaea 293

Bacteria 265 5367 24945
Fungi 101 265 395

Protozoa 32 117 101
Virus 94 4219 86931
Total 521 10261 112979

*Sequences: complete finished or draft genome,
segment, chromosome, plasmid, June of 2013
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Genomic technologies for pathogen detection
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Microarrays can analyze complex clinical and
environmental samples

Unknown Sample Isolate DNA/RNA Label with
Amplification if needed fluorescent dye

Data analysis

Detect signal on
fluorescent scanner

Hybridize sample on array
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Automated microarray analysis with web data
entry, easy to upload

N

Tri;tngulzttiun"onl

LLHL Triangulation Teol | You are logged in as meloughlin2

View Samoles  Request Analysis

Request Analysis

Mew Chi Search for experiments, then click Add to select for analysis. Leave fields blank to show all. Searches match partial entries. You can do multiple searches to build your experiment list.
I .

Experirment Chip design: Raw data fil: Sample name: ( Search Experiment )

New Sequence .
New Sequence Found total of 20 expariments.

Expariment
Analvsis Status Add? 1D Sample Raw data file Chip design |Platform [Experiment date
Home Add |exp_1158 NMRC ZB191WB 520994_2012-01-17_NMRC_ZB191WBE_532.pair MDAvZ_12x135K 2012-01-18
Et Add |exp_1160| NMRC JR281WA 520994 _2012-01-17_NMRC_JR281WA_532 pair MDAvZ 12x135K 2012-01-18
oot Add |exp_1161 NMRC DM231WB 520994_2012-01-17_NMRC_DM231WB_532.pair MDAvZ_12x135K 2012-01-18

Add |exp_ 1162 NMRC RH491WA 520994 2012-01-17_NMRC_RH491WA_532.pair MDAVZ_12%135K 2012-01-18

Add |exp_ 1163 NMRC CG531WA 520994 2012-01-17_NMRC_CG531WA_532 pair MDAvZ_12x1356K 2012-01-18

*Results in ~ 20 minutes
*Linux based, requires 64 GB memory
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LLMDA has a wide array of applications

= Environmental monitoring :-'.i Y
= Public health
= Vaccine safety
= Food safety .
= Biodefense |
= Animal health \
= Planetary Protection
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LLMDA has many collaborations
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LLMDA in vaccine safety:
detected an adventitious pig virus in a vaccine

= Eight live attenuated vaccines
tested, in collaboration with Eric
Delwart

= |dentified a contaminating porcine
circovirus from Rotarix vaccine

= Being evaluated as risk assessment : ™ .....commommmm o s

I 1135400187 NP4
- 3857 Rotavirus A|Reoviridae|Rotavirus A strain Hosokawa
platform by pharmaceuticals — Doyt
3264 Rotavirus A|Reoviridae|Rotavirus A strain Hosokawa
I | genotype G4 segment 6|
306.1 Rotavirus A|Reoviridae|Human rotavirus 4 genomic
[0 RNA for VP7 of segment 9, isolate Rota
3029 Rotavirus A|Reoviridae|Rotavirus A strain YO
T | genotype G3P[8] segment 2|
282 Rotavirus A|Reoviridae|Rotavirus A strain Hosokawa
I | genotype G4 segment 1|
1945 Rotavirus C|Reoviridae|Porcine rotavirus,

533

Victoria JG, et al., J. Virol. 84: 6033-40, 2010

circovirus type 1 strain

158.8 Porcine circovirus|Circoviridae|Porcine circovirus
strain M226|gi|3661521|gb|AF086836.1| AF086836

I
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LLMDA in infectious disease:
identification of wound microbes

406.7 GF:733174 (Acinetobacter sp. 6014059 Acinetobacter
sp. 6014059, whole genome shotgun sequencing

Acinetobacter sp. SUN plasmid pRAY
Acinetobacter baumannii ACICU plasmid pACICU2

Acinetobacter baumannii plasmid pABIR

= >100 combat wounded samples (serum, tissue,
effluent) analyzed by LLMDA

= More sensitive than culture

= Faster than DNA sequencing
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LLMDA identified a range of
wound pathogens

Microorganism

Acinetobacter sp.

Number of positive
samples

30

Acinetobacter baumannii

N
(o0}

Escherichia coli

Klebsiella pneumoniae

Borrelia afzelii

Enterobacter cloacae

HPV 57

HPV 71

HHV 6A

Salmonella enterica

Bacteroides fragilis

Human parvovirus

Mycobacterium abscessus

Pseudomonas sp.

Bacillus cereus

Pseudomonas aeruginosa

Ralstonia solanacearum

Staphylococcus lugdunensis

Streptomyces sp.

Uncultured bacterium plasmid pBi1o

N INININININW|W|WW|H|H>urunnunnun o |N

= 50% yielded > 1 detected
organism upon analysis

= 37% culture-negative samples
are positive via array

= Observed different
pathogens associated with
failed vs healed wounds

Be et al., 2014, J. Clinical Micro
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Secrets in the Bones: The Hunt for the
Black Death Killer

Hendrik Poinar, McMaster University Alison Devault
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Identification of Y. pestis and V. cholerae
from ancient DNA samples

= | | MDA detected Yersinia pestis in a tooth sample from a medieval
Black Death plague corpse dating from 1348

103 expected 253 2 GF:730739 (Yersinia pestis biovar Orientalis str.

- | MG05-1020 Yersinia pestis biovar Orientalis str.
104 expected 249 GF:727233 (Yersinia pestis biovar Orientalis str.
— i | IP275 Yersinia pestis biovar Orientalis str.

= | LMDA detected Vibrio cholerae in a preserved museum
specimen from a 1849 cholera victim

1262 expected 279.9 Vibrio cholerae|GF:636291 (Vibrio cholerae 2740-80
—.. N ] Vibrio cholerae 2740-80, unfinished sequence,
1140 expected 276.2 Vibri b 0395 ch 5
% ibrio cholerae chromosome
e ectec- I

* 1,272 (0.001% of BLAST reads) were Y. pestis
* 10,379 (0.009% of BLAST reads) were V. cholerae Devault et al., Scientific Reports, 2014
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DA used on ISS dust filter sampl

Probe Counts " Log CL Ratio

134 expected ] 5114

[ —— Streptococcus sp oral taxon 071 str 73H25AP
e I —

105 expected 4017

m — Streptococcus oralis SK10
83 observe

21 expected 88
= Streptococcus thermophilus plasmidpER36

20 observed

23 expected 716

Lactococcus lactis subsp lactis CV56 plasmidpCV56B

18 observed

15 expected | 436
m - Lactococcus lactis subsp lactis plasmidpAH82
12 observed

115 expected 369.7

F — Staphylococcus epidermidis NIHLM031
90 observe

105 expected 369.6

F ﬁ Staphylococcus epidermidis M23864
82 observe

12 expected 575 Staphylococcus aureus subsp aureus ST398
12000mveq I plasmidpS0385-3

39 expected
Corynebacterium sp GD7
33 observe
35 expected
Corynebacterium diphtheriae plasmidpNG2

25 observed

25 expected i 136.1 Lactobacillus caseiTISTR1341 plasmid pRCEID3 2

soiny: R plasmidpRCEID3 2

19 expected 824
Lactobacillus paracasei TXW plasmidpTXW

19 obse-rved

= — Propionibacteri HLO86PA1
1o — - ropionibacterium acnes
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liva sample analyzed on LLMDA to
ess microbiome and pathogens

2716
Log CL Ratio Rothia mucilaginosa M508

(] 8458 2165

_ Streptococcus pneumoniae PNIO010

T
Streptococcus sp GMD1S 1 239.8
- Oribacterium sp ACB7

Streptococcus mitis SK575

2291
— Treponema medium ATCC 700293
7075

—] Prevotella denticola CRIS 18C-A i
! 2016
E Prevotella intermedia 17 chrchromosome

Prevotella marshii DSM 16973

Rothia aeria F0474

Fusobacterium nucleatum subsp vincentii ATCC 49256

] 2296
E Porphyromonas endodontalis ATCC 35406
Haemophilus parainfluenzae T3T1 v e
h: i Bacteroidetes oral taxon 274 str F0058
Haemophilus parainfluenzae HK2019 prmy’
) Gemella morbillorum M424
Haemophilus pittmaniae HK 85 -EI
L Eubacteri h ATCC 49989
ubacterium saphenum
Neisseria flavescens SK114
il Filifactor alocis ATCC 35896
Neisseria gonorrhoeae plasmidpJD4 d -
4.9
. Streptococcus phage Cp-1
Veillonella dispar ATCC 17748 s

Granulicatella elegans ATCC 700633
Megasphaera micronuciformis F0359

Human herpesvirus 7

Campylobacter concisus 13826

Human herpesvirus 7

Staphylococcus epidermidis ATCC 12228
plasmidpSE-12228-06

Campylobacter concisus 13826 plasmidpCCON16
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Virulence Chip will be used to characterize
virulence, antibiotic resistance of ISS samples

Known virulence
genes from
previously

identified ISS Comprehensive
Toxin and Toxin- microbes Antibiotic

target database Resistance
(t3db) Database
(CARD)

Virulence and
Antibiotic
Resistance
gene

database

Virulence Factor
Database (VFDB)

Extract gene sequences unique to each gene family
from all viral, bacterial, fungal genomes in NCBI

Design microarray probes
to detect these genes

L
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High-Performance Computing (HPC) is part
of the Laboratory’s DNA
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Livermore Metagenomic Analysis Toolkit: shotgun
metagenomic analysis conducted on an unprecedented scale

Metagenomic query data
Fragment 1) afiffcaataatactgatactatatac
Fragment 2) gitacfcaatagtactgatacgtata

1]
U b

Query sample Fragment N) ctaactcaatagtactgatacgtat

etagenomic
sequencing LMAT search tuned for speed
and accuracy
Archaea
o AL Pre-compute Searchable index
‘gf\ A {111 fc; conservation paltems  settteaatagtactgatac: (order. Clostridiales)
7 e N reference genome  gactraatagtactgata: (strain, C. difficile 342)

5_;;;;--_-5-- = g ;:.i‘.aaci‘caai‘agtacfgai‘a: (species, C. difficile)

Réferénce genome database l

Reportorganisms presentin sample

Search many more genes
and genomes than
otherwise possible using
new large memory
computing architectures

Search all complete and draft

genomes:

* viruses, bacteria, archaea

* protozoa, fungi

* human, mitochondrial DNA of
larger eukaryotes

« artificial sequence (vectors,
etc)

» all sequenced genes

12,632 species

~3 times larger than the closest
searchable DB

Application: strain/gene
identification and organism
discovery



Future research to develop a fully integrated system
from sample prep to pathogen ID

Sample
purification
chamber

PCR amplification

Disposable

Microarray cartridge
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